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(54) An apparatus and process for decoding motion pictures 



(57) A motion picture decoding apparatus according 
to the invention includes: a coefficient reducing circuit 
for removing orthogonal transform coefficients for high 
horizontal frequencies from a certain sized block of or- 
thogonal transform coefficients obtained from an input 
signal thereby reducing the number of transform coef- 
ficients to half: an inverse orthogonal transformation cir- 
cuit for performing an inverse orthogonal transform op- 
eration by using the transform coefficients reduced by 
the coefficient reducing circuit, thereby obtaining, on a 
block-by-block basis, reconstructed image data or time- 



axis prediction error data horizontally compressed to 
1/2; an adder for generating reconstructed image data 
horizontally compressed to 1/2, based on the time-axis 
prediction error data provided by the inverse orthogonal 
transformation circuit and on predetermined reference 
image data; and one or more than one reference image 
memories for storing reconstructed image data which is 
included in the reconstructed image data provided by 
the inverse orthogonal transformation circuit or the 
adder and is needed for generating the reference image 
data. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates generally to an apparatus for decoding motion pictures and more particularly, 
to a motion picture decoding apparatus and process which are suitable for decoding signals compression coded based 
on the MPEG Standards for providing reconstructed pictures of lower resolutions than original pictures. 

Prior Art 

[0002] The MPEG (Moving Picture Experts Group) Standards have heretofore been known to fields, such as digital 
television and the like, as the system for image data compression coding. 

[0003] The MPEG Standards typically include the MPEG-1 Standard and the MPEG-2 Standard. The MPEG-1 Stand- 
ard handles only progressively scanned pictures (noninterlace scan) whereas the MPEG-2 Standard handles zigzag 
scanned pictures (interlace scan) as well as progressively scanned pictures. 

[0004] The MPEG coding process includes motion compensated prediction (time based compression), DCT (space 
based compression) and entropy coding (variable length coding). In the MPEG coding process, predictive coding is 
first performed along the time axis on a macroblock basis (predictive frame coding is performed under the MPEG-1 
Standard whereas the predictive frame coding or predictive field coding is performed under the MPEG-2 Standard). 
[0005] The macroblock includes a 16 (number of horizontal pixels)x16(number of vertical pixels) block of Y-signal 
(luminance signal), a 8 (number of horizontal pixels)x8(number of vertical pixels) block of Cb-signal (color difference 
signal), and a 8(number of horizontal pixels)x8(number of vertical pixels) block of Cr-signal (color difference signal). 
[0006] To facilitate the explanation, only the Y signal will be described. There are three picture types of -I" Picture, 
"P" Picture and n B° Picture depending upon the predictive coding processes. The following description will be made 
by way of example of the predictive frame coding. 

(1 ) T Picture is coded using only information present in the frame and is not dependent upon interf rame prediction. 
All the macroblocks of the T Picture depend upon the predictive intraframe coding based only on the information 
resident in the frame. 

(2) 'P u Picture is coded by prediction from the closest past 'T or n P n Picture. The macroblocks of the n P n Picture 
normally involve both intraframe coding using only the information present in the frame and forward predictive 
interframe-coding based on prediction from a past reconstructed picture. 

(3) "B" Picture is coded based on bidirectional prediction and normally includes the following macroblock types. 

a. a predictive intra-coded block based on only the information present in the frame; 

b. a forward predictive interirame-coded block based on prediction from the closest past reconstructed picture; 

c. a backward predictive interframe-coded block based on prediction from the closest future picture; and 

d. an interpolative/predictive interframe-coded block based on bidirectional prediction. 

[0007] It is to be noted here that the interpolative interframe prediction means to average a forward prediction and 
a backward prediction for two corresponding pixels. 

[0008] In an MPEG decoder, image data for an original picture is divided into 16(number of horizontal pixels)x16 
(number of vertical pixels) macroblocks. Except for the predictive intraframe coded macroblock, the respective mac- 
roblocks are subject to any one of the interframe prediction operations according to the macroblock type thereof for 
generation of prediction error data therefor. 

[0009] An image data macroblock (the predictive intraframe coded macroblock) or a prediction error data macroblock 
(the predictive interframe coded macroblock) is divided into four 8x8 sized sub-blocks. Each image data sub-block is 
processed based on a two-dimensional discrete cosine transform (DCT) operation, a kind of orthogonal transformation 
process, using the following equation (1 ): 



F(«, v) = I C(«)C(v)£ ± f(i , J) x cos p + ^ ic os{ (2 ^ 1)vjr l - (I) 

4 1=0 JmO I 16 J I 16 J 



wherein 
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j,u= 0, 1, 2, -7 
7^=0,1,2, -7 



C(w), C(v) = 



1/72 



(« = 0orv = 0) 
(w * 0, v * 0) 



More specifically, DCT (orthogonal transform) coefficients F for a uv space (u:horizontal frequency, v:vertical frequency) 
are respectively determined based on the 8x8 sub-block of data pieces f (i, j), as shown in Fig.2. 
[0010] The MPEG-1 Standard supports only a DCT frame mode whereas a frame structure under the MPEG-2 Stand- 
ard permits the switching between the DCT frame mode and a DCT field mode on a macroblock basts. However, a 
field structure under the MPEG-2 Standard supports only the DCT field mode. 

[0011] In the DCT frame mode, the 16x16 macroblock is divided into four sub-blocks so that the DCT operation is 
performed on a 8x8 sub-block basis: an upper-left 8x8 sub-block, an upper-right 8x8 sub-block, a lower-left 8x8 sub- 
block and a lower-right 8x8 sub-block. 

[0012] In the DCT field mode, on the other hand, the DCT operation is performed on a data group consisting of only 
odd-numbered lines of a left-half 8 (number of horizontal pixels)x16(number of vertical pixels) block of the 16x16 mac- 
roblock or being worth of the 8x8 sub-block, a data group consisting of only even-numbered lines of the left-half 8x16 
block of the 16x16 macroblock or being worth of the 8x8 sub-block, a data group consisting of only odd-numbered 
lines of a right-half 8(number of horizontal pixels)x16(number of vertical pixels) block of the 1 6x1 6 macroblock or being 
worth of the 8x8 sub-block : and a data group consisting of only even-numbered lines of the right-half 8x1 6 block of the 
16x16 macroblock or being worth of the 8x8 sub-block. 

[0013] The DCT coefficients determined in the aforementioned manner are quantized to provide quantized DCT 
coefficients. The quantized DCT coefficients are zigzag scanned or alternate scanned to a one dimensional sequence 
of coefficients so as to be encoded by a variable length encoder. An MPEG encoder outputs variable length coded 
transform coefficients provided by the variable length encoder as well as control information including information 
indicative of the macroblock type, and variable length coded motion vectors. 
[0014] Fig. 1 is a block diagram showing a construction of the MPEG decoder. 

[001 5] A variable length coded transform coefficient is sent to a variable length decoder 1 01 whereas a control signal 
including the macroblock type is sent to a CPU 110. A variable length coded motion vector is sent to a variable length 
decoder 1 09 so as to be decoded. A motion vector provided by the variable length decoder 109 is represented in half 
pels rather than in full pels. The variable length decoder 109 supplies the motion vector to a first reference image 
memory 106 and a second reference image memory 107 as a control signal for controlling a slicing position -of a 
reference image, while also supplying the motion vector to a first motion compensation circuit 1 21 and a second motion 
compensation circuit 122 as a motion compensation signal. 

[0016] The variable length decoder 101 serves to decode the variable length coded transform coefficient. An inverse 
quantizer 102 serves to inversely quantize the transform coefficient (quantized DCT coefficient) supplied from the 
variable length decoder 101 for transformation into the DCT coefficient. 

[0017] An inverse DCT circuit 103 transforms the DCT coefficient sequence, provided by the inverse quantizer 102, 
back to the 8x8 sub-block of DCT coefficients and performs an 8x8 sub-block based inverse DCT operation by using 
the following inverse transformation equation (2) : 




(2i + l)U7T 

16 




16 



••(2) 



wherein 

/>= 0,1,2, .-7 

;> = 0,1,2, ••• 7 




(u = 0 or v = 0) 
(u^0,v^0) 



More specifically, the 8x8 sub-block of data f(i,j) is obtained from the 8x8 sub-block of DCT coefficients F (u,v) . as 
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shown in Fig. 2. Further, the reconstructed image data macroblock or prediction error data macroblock is generated by 
using four sub-blocks of data f(i,j). 

[0018] An adder 104 processes the prediction error data macroblock provided by the inverse DCT circuit 103 by 
adding thereto reference image data according to the macroblock type of the prediction error data, thereby generating 
s the reconstructed image data. The reference image data is sent to the adder 104 via a switch 112. It is noted that in a 
case where the inverse DCT circuit 103 outputs the reconstructed image data for predictive intraframe coding, no 
reference image data is added. 

[0019] Where the image data macroblock provided by the inverse DCT circuit 103 or the adder 1 04 is reconstructed 
image data for °B n Picture, the reconstructed image data is sent to a switch 113. 
10 [0020] Where the reconstructed image data macroblock provided by the inverse DCT circuit 103 or the adder 104 
is reconstructed image data for "I" or n P° Picture, the reconstructed image data is committed to storage at the first 
reference image memory 106 or the second reference image memory 1 07 via a switch 111. The switch 111 is controlled 
by the CPU 110. 

[0021] The first and second motion compensation circuits 121, 122 each perform a half pel motion compensation 
'5 operation on the reference image read from the reference image memory 106 or 107 based on a half pel motion vector 
supplied from the variable length decoder 109. 

[0022] If a predicted pixel is located between two adjacent pixels, an average value of the two pixels is determined 
so that the resultant average value is used as a value of the predicted pixel. If the predicted pixel is surrounded by four 
pixels an average value f the four pixels is determined so that the resultant average value is used as a value of the 
20 predicted pixel. 

[0023] Respective values G1 to G5 of predicted pixels G1 to G5 are given by the following equations (3) wherein 
tour neighboring pixels in an image read from the reference image memory 106 or 107 are represented by A, B, C and 
D respectively 

(A + B)/2 
(A + C)/2 

(A + tf.+ C + £>)/4 ...(3) 
(5+£>)/2 
(C+D)/2 



Gl = 
G2 = 
G3 = 
G4 = 
G5 = 



[0024] An averaging section 1 08 averages the reconstructed image data provided by the first and the second motion 
compensation circuits 1 21 , 1 22 for generating the reference image data for use in the interpolative/predictive interframe 
coding 

[0025] The switch 112 is controlled by the CPU 110 in the following manner. A common terminal of the switch 112 
is switched to an earth terminal when the inverse DCT circuit 103 outputs reconstructed image data for predictive 
intraframe coding. 

[0026] When an output of the inverse DCT circuit 1 03 is either prediction error data for forward predictive interframe 
coding or prediction error data for backward predictive interframe coding, the common terminal of the switch 112 is 
switched to select either a terminal for receiving an output from the first motion compensation circuit 1 21 or a terminal 
for receiving an output from the second motion compensation circuit 122. 

[0027] When an output of the inverse DCT circuit 103 is prediction error data for interpolative/predictive interframe 
coding, the common terminal of the switch 1 1 2 is switched to select a terminal for receiving an output from the averaging 
section 108. 

[0028] The switch 113 is controlled by the CPU 110 in a manner to output the reconstructed image data for w B n Picture 
supplied from the adder 104, the reconstructed image data for "I" or "P" Picture stored in the first reference image 
memory 106, and the reconstructed image data for "I" or B P° Picture stored in the second reference image memory 
1 07 in an order corresponding to the original picture. The image data outputted from the decoder is applied to a monitor 
device which, in turn, displays a reconstructed image on its display screen. 



SUMMARY OF THE INVENTION 



[0029] The prior-art MPEG decoder abovementioned suffers great memory requirements because two screens worth 
of reference image data must be stored. 

[0030] The present inventors have studied aiming at the reduction of the memory requirements and developed a 
technique for reproducing pictures horizontally compressed to half relative to the original pictures through an inverse 
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DCT process using only DCT coefficients for low horizontal frequencies. It should be appreciated that this technique 
has not yet been laid open and hence, should not be regarded as the prior art. 

[0031] Where the resultant image horizontally compressed to half is used as the reference image, a horizontal value 
of the motion vector may be reduced to half prior to the motion compensation operation. In this case, the resultant 
horizontal value of the motion vector is represented in 1/2 pels by dropping a fractional portion less than 1/2 pel so as 
to be subjected to the motion compensation based on the conventional arithmetic operation (see the alorementioned 
equations (3)). 

[0032] That is, as shown in Fig.4, the respective values G1 to G5 of the predicted pixels G1 to G5 are determined 
by using the aforementioned equations (3) wherein A to D denote pixel values of the four neighboring pixels A to D 
included in the image horizontally compressed to half and read from the reference image memory. 
[0033] This permits the motion compensation operation to be performed on the image horizontally compressed to 
1/2 with a horizontal accuracy of 1/2 pel. Unfortunately, however, a distance between horizontally adjoining pixels in 
the image horizontally compressed to 1/2 accounts for two pixels in real terms and hence, an actual accuracy of the 
horizontal motion compensation is 1 pel. As a result, the motion compensation suffers lowered accuracies with respect 
to the horizontal direction. 

[0034] It is therefore, a first object of the invention to provide a motion picture decoding apparatus and process 
permitting the reduction of memory requirements. 

[0035] A second object of the invention is to provide a motion picture decoding apparatus and process designed to 
prevent the reduction of motion compensation accuracy in the process in which a signal compression coded based on 
Ihe MPEG Standards is decoded to provide a reconstructed image compressed from the original picture with respect 
to either one of or both of the horizontal and vertical directions. 

[0036] A first motion picture decoding apparatus according to the invention comprises: a coefficient reducing circuit 
for removing orthogonal transform coefficients for high horizontal frequencies from a certain sized block of orthogonal 
transform coefficients obtained from an input signal, thereby reducing the number of transform coefficients to half; an 
inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using the trans- 
form coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block basis, reconstructed 
image data or time-axis prediction error data horizontally compressed to 1/2; an adder for generating reconstructed 
image data horizontally compressed to 1/2, based on the time-axis prediction error data provided by the inverse or- 
thogonal transformation circuit and on predetermined reference image data; and one or more than one reference image 
memories for storing reconstructed image data which is included in the reconstructed image data provided by the 
inverse orthogonal transformation circuit or the adder and is needed for generating the reference image data. 
[0037] The aforesaid certain sized block is based on an MXN block unit including an M number of horizontal pixels 
and an N number of vertical pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal 
transform operation based on the following equation (5) provided that an original picture has been encoded by an 
orthogonal transform operation based on the following equation (4) : 

wherein 

/,u = 0,1,2, .» (A/M) 
y,v= 0,1,2, - (AM) 

[ 1 (w * 0, v * 0) 



wherein 

i,u = 0,1,2, ... (/W/2-1) 
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j,v = 0,1,2, •-- (AM) 



C( W ),C(v)J 1/V 2 (« = 0*rv = 0) 

[ 1 («*0,v*0) 

[0038] The aforesaid certain sized block is based on an 8x8 block unit including 8 horizontal pixels and 8 vertical 
pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal transform operation based 
io on the following equation (7) provided that an original picture has been encoded by an orthogonal transform operation 
based on the following equation (6): 

f(«.v) = fc (l ,)C(v)tt/( i ., 1 xco S {(Hi^}cos|£i^} ...(6) 



30 



35 



40 



45 



£5 



wherein 

i,u = 0,1,2, -7 

y>= 0,1,2, - 7 



25 | 1 (K*0,V?fcO) 



wherein 
i,u=Q, 1, 2, 3 
y>=0, 1, 2, -7 



C(i0. C(v) ; 




(w = 0 or v - 0) 
(« * 0, v * 0) 



[0039] It is preferred that the motion picture decoding apparatus according to the invention further comprises a motion 
compensation circuit for performing a motion compensation operation on image data of a certain size with a horizontal 
accuracy of 1/4 pel and a vertical accuracy of 1/2 pel, the image data read from the reference image memory for 
generation of the reference image data and horizontally compressed to 1/2 relative to an original picture. 
[0040] A second motion picture decoding apparatus according to the invention comprises: a coefficient reducing 
circuit for removing orthogonal transform coefficients for high horizontal frequencies from a certain sized block of or- 
thogonal transform coefficients obtained from an input signal, thereby reducing the number of transform coefficients 
to half; an inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using 
the transform coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block basis, 
reconstructed image data or time-axis prediction error data horizontally compressed to 1/2; an adder for generating 
reconstructed image data horizontally compressed to 1/2, based on the time-axis prediction error data provided by the 
inverse orthogonal transformation circuit and on predetermined reference image data; a vertical deletion circuit for 
deleting a half of the horizontal lines of the reconstructed image data supplied from the inverse orthogonal transfor- 
mation circuit or the adder, thereby generating reconstructed image data compressed to 1/2 with respect to the hori- 
zontal and vertical directions, respectively; and one or more than one reference image memories for storing recon- 
structed image data which is included in the reconstructed image data provided by the vertical deletion circuit and is 
needed for generating the reference image data, the motion picture decoding apparatus wherein the reconstructed 
image data stored in the reference image memory is used for generating the reference image data compressed to 1/2 
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10 



15 



20 



25 



only with respect to the horizontal direction. 

[0041] The aforesaid certain sized block is based on an MXN block unit including an M number of horizontal pixels 
and an N number of vertical pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal 
transform operation based on the following equation (9) provided that an original picture has been encoded by an 
orthogonal transform operation based on the following equation (8): 

wherein 
/,u=0,1,2, 
y>=0,1,2, .» (AM) 

I I (•,*0.v*0) 



wherein 

40=0,1,2, - (/W2-1) 
y,v = 0,1,2, - (AM) 



30 



1 (w * 0, v * 0) 

35 [0042] The aforesaid certain sized block is based on an 8x8 block unit including 8 horizontal pixels and 8 vertical 
pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal transform operation based 
on the following equation (11) provided that an original picture has been encoded by an orthogonal transform operation 
based on the following equation (10): 



40 



45 wherein 

/,u=0, 1, 2, -.7 
;,v = 0,1,2, ... 7 



50 



CC„).C<v) = |"^ <« = 0orv=0> 

] 1 <!£*0,V*0) 



/(•.fl-f§5ei^v)^.)x^SL^}«^w^=} ...up 
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wherein 
i\u- 0,1,2,3 
y>= 0,1,2, 7 

[1 ( M ,6 0, V 9ft 0) 

to [0043] The aforesaid vertical deletion circuit performs a vertical deletion processing by vertically deleting, at regular 
intervals, two successive horizontal lines in every four successive horizontal lines of the reconstructed image data 
provided by the inverse orthogonal transformation circuit or the adder 

[0044] It is preferred that the motion picture decoding apparatus according to the invention further comprises a motion 
compensation circuit for performing a motion compensation operation on image data of a certain size with a horizontal 

'5 accuracy of 1/4 pel and a vertical accuracy of 1/2 pel, the image data read from the reference image memory for 
generation of the reference image data and horizontally compressed to 1/2 relative to an original picture. 
[0045] A third motion picture decoding apparatus according to the invention comprises: a coefficient reducing circuit 
for removing orthogonal transform coefficients for high horizontal frequencies from a certain sized block of orthogonal 
transform coefficients obtained from an input signal, thereby reducing the number of transform coefficients to half; an 

20 inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using the trans- 
form coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block basis, first recon- 
structed image data or time-axis prediction error data horizontally compressed to 1/2; an adder for generating first 
reconstructed image data horizontally compressed to 1/2, based on the time-axis prediction error data provided by the 
inverse orthogonal transformation circuit and on predetermined reference image data; an Hadamard transformation 

2S coding circuit for quantizing, based on Hadamard transformation, the first reconstructed image data provided by the 
inverse orthogonal transformation circuit or the adder, thereby generating second reconstructed image data, the amount 
of which data is reduced bitwise to 1/2 from that of the first reconstructed image data; and one or more than one 
reference image memories for storing second reconstructed image data which is included in the second reconstructed 
image data provided by the Hadamard transformation coding circuit and is needed for generating the reference image 

30 data, the motion picture decoding apparatus wherein the second reconstructed image data stored in the reference 
image memory is used for generating the reference image data corresponding to the first reconstructed image data. 
[0046] The aforesaid certain sized block is based on an MXN block unit including an M number of horizontal pixels 
and an N number of vertical pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal 
transform operation based on the following equation (13) provided that an original picture has been encoded by an 

35 orthogonal transform operation based on the following equation (12): 



40 



45 



^•'-^■^gg'^H^M 2 ^} " <12) 



wherein 

/,u = 0,1,2, (/W-1) 
y>= 0,1,2, - (AM) 



C( M ),C(v) = | 1/ ^ (« = 0*rv = 0) 

1 (u^O.VTiO) 



/(,, j) = 2_ £g C (u)C( V )F(u, v) x coJ (2 ' +1)wr l coJ (2 ' +1)wr l - - (13) 



55 wherein 

i,u= 0,1,2, - (A/02-1) 
y,v=0,1,2, ••- (AM) 
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C(*),C(v)= V ) ' 

[1 (w * 0, v * 0) 

[0047] The aforesaid certain sized block is based on an 8x8 block unit including 8 horizontal pixels and 8 vertical 
pixels, and the inverse orthogonal transformation circuit performs the inverse orthogonal transform operation based 
on the following equation (15) provided that an original picture has been encoded by an orthogonal transform operation 
based on the following equation (14): 

F(«, v) = i - C( M )C(v)g j) x cosj^— Jcosj— ^ J - (14) 



wherein 
/,u=0,1,2, -7 
y>= 0,1,2, -7 



fl/ V2 (m = 0 or v = 0) 

1 (u*0,V*0) 



1 . f(2/ + l)i«rl f(2./ + l)wrl 
/«. » = r L E C(")C(v)F( U ,v) x cos > cos i^— • • (15) 



wherein 
/,u = 0,1,2,3 
;>= 0,1,2, .» 7 



C(u), C(v) = <{ 
W 1 1 (u*0,v*0) 



[0048] It is preferred that the motion picture decoding apparatus according to the invention further comprises a motion 
compensation circuit for performing a motion compensation operation on image data of a certain size with a horizontal 
accuracy of 1/4 pel and a vertical accuracy of 1/2 pel, the image data read from the reference image memory for 
generation of the reference image data and horizontally compressed to 1/2 relative to an original picture. 
[0049] A fourth motion picture decoding apparatus according to the invention comprises: an inverse orthogonal trans- 
formation circuit for performing an inverse orthogonal transform operation on a certain sized block of orthogonal trans- 
form coefficients obtained from an input signal, thereby providing first reconstructed image data or time-axis prediction 
error data; an adder for generating first reconstructed image data based on the time-axis prediction error data provided 
by the inverse orthogonal transformation circuit and predetermined reference image data; an Hadamard transformation 
coding circuit for quantizing, based on Hadamard transformation, the first reconstructed image data provided by the 
inverse orthogonal transformation circuit or the adder, thereby generating second reconstructed image data, the amount 
of which data is reduced bitwise from that of the first reconstructed image data; and one or more than one reference 
image memories for storing second reconstructed image data which is included in the second reconstructed image 
data provided by the Hadamard transformation coding circuit and is needed for generating the reference image data, 
the motion picture decoding apparatus wherein the second reconstructed image data stored in the reference image 
memory is used for generating the reference image data corresponding to the first reconstructed image data. 
[0050] A first motion picture decoding process for decoding a signal compression coded based on the MPEG Stand- 
ards according to the invention, the process comprising the steps of: a first step of generating reconstructed image 
data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which coeffi- 
cients has been removed, or on a combination of said obtained image data and reference image data; a second step 
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of committing reconstructed image data to storage at a reference image memory, which reconstructed image data is 
included in the reconstructed image data provided by the first step and is needed for generating the relerence image 
data; and a third step of generating the reference image data based on the reconstructed image data stored in the 
reference image memory. 

[0051] A second motion picture decoding process for decoding a signal compression coded based on the MPEG 
Standards according to the invention, the process comprising the steps of: a first step of generating first reconstructed 
image data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which 
coefficients has been removed, or on a combination of said obtained image data and reference image data; a second 
step of generating second reconstructed image data by subjecting the first reconstructed image data to at least one 
of a horizontal deletion processing and a vertical deletion processing; a third step of committing second reconstructed 
image data to storage at a reference image memory, which reconstructed image data is included in the second recon- 
structed image data provided by the second step and is needed for generating the reference image data; and a fourth 
step of generating the reference image data corresponding to the first reconstructed image data by using the second 
reconstructed image data stored in the reference image memory. 

[0052] A third motion picture decoding process for decoding a signal compression coded based on the MPEG Stand- 
ards according to the invention, the process comprising the steps of: a first step of generating first reconstructed image 
data based on image data obtained through an inverse DCT operation or on a combination of said obtained image 
data and reference image data; a second step of performing an Hadamard transformation-based coding operation on 
the first reconstructed image data thereby generating second reconstructed image data, the amount of which data is 
reduced bitwise from that of the first reconstructed image data; a third step of committing second reconstructed image 
data to storage at a reference image memory, which reconstructed image data is included in the second reconstructed 
image data provided by the second step and is needed for generating the reference image data; and a fourth step of 
generating the reference image data corresponding to the first reconstructed image data by using the second recon- 
structed image data stored in the reference image memory. 

[0053] A fourth motion picture decoding process for decoding a signal compression coded based on the MPEG 
Standards according to the invention, the process comprising the steps of: a first step of generating first reconstructed 
image data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which 
coefficients has been removed, or on a combination of said obtained image data and reference image data; a second 
step of performing an Hadamard transformation-based coding operation on the first reconstructed image data thereby 
generating second reconstructed image data, the amount of which data is reduced bitwise from that of the first recon- 
structed image data; a third step of committing second reconstructed image data to storage at a reference image 
memory, which reconstructed image data is included in the second reconstructed image data provided by the second 
step and is needed for generating the reference image data: and a fourth step of generating the reference image data 
corresponding to the first reconstructed image data by using the second reconstructed image data stored in the refer- 
ence image memory. 

[0054] A fifth motion picture decoding process for decoding a signal compression coded based on the MPEG Stand- 
ards according to the invention, the process comprising the steps of: a first step of generating first reconstructed image 
data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which coeffi- 
cients has been replaced with "O", or on a combination of said obtained image data and reference image data; a second 
step of performing an Hadamard transformation-based coding operation on the first reconstructed image data thereby 
generating second reconstructed image data, the amount of which data is reduced bitwise from that of the first recon- 
structed image data; a third step of committing second reconstructed image data to storage at a reference image 
memory, which reconstructed image data is included in the second reconstructed image data provided by the second 
step and is needed for generating the reference image data; and a fourth step of generating the reference image data 
corresponding to the first reconstructed image data by using the second reconstructed image data stored in the refer- 
ence image memory. 

[0055] A sixth motion picture decoding process for decoding a signal compression coded based on the MPEG Stand- 
ards according to the invention, the process comprising the steps of: a first step of generating first reconstructed image 
data based on image data obtained through an inverse DCT operation or on a combination of said obtained image 
data and reference image data; a second step of generating second reconstructed image data by subjecting the first 
reconstructed image data to at least one of a horizontal deletion processing and a vertical deletion processing; a third 
step of performing an Hadamard transformation-based coding operation on the second reconstructed image data there- 
by generating third reconstructed image data, the amount of which data is reduced bitwise from that of the second 
reconstructed image data; a fourth step of committing third reconstructed image data to storage at a reference image 
memory, which reconstructed image data is included in the third reconstructed image data provided by the third step 
and is needed for generating the reference image data; and a fifth step of generating the reference image data corre- 
sponding to the first reconstructed image data by using the third reconstructed image data stored in the reference 
image memory. 
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[0056] A seventh motion picture decoding process tor decoding a signal compression coded based on the MPEG 
Standards according to the invention, the process comprising the steps of: a first step of generating first reconstructed 
image data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which 
coefficients has been removed, or on a combination o1 said obtained image data and reference image data; a second 
step of generating second reconstructed image data by subjecting the first reconstructed image data to at least one 
of a horizontal deletion processing and a vertical deletion processing; a third step of performing an Hadamard trans- 
formation-based coding operation on the second reconstructed image data thereby generating third reconstructed 
image data, the amount of which data is reduced bitwise from that of the second reconstructed image data; a fourth 
step of committing third reconstructed image data to storage at a reference image memory, which reconstructed image 
data is included in the third reconstructed image data provided by the third step and is needed for generating the 
reference image data; and a fifth step of generating the reference image data corresponding to the first reconstructed 
image data by using the third reconstructed image data stored in the reference image memory. 
[0057] An eighth motion picture decoding process for decoding a signal compression coded based on the MPEG 
Standards according to the invention, the process comprising the steps of: a first step of generating first reconstructed 
image data based on image data obtained through an inverse DCT operation using DCT coefficients, a part of which 
coefficients has been replaced with "0", or on a combination of said obtained image data and reference image data; a 
second step ot generating second reconstructed image data by subjecting the first reconstructed image data to at least 
one of a horizontal deletion processing and a vertical deletion processing; a third step of performing an Hadamard 
transformation-based coding operation on the second reconstructed image data thereby generating third reconstructed 
image data, the amount of which data is reduced bitwise from that of the second reconstructed image data; a fourth 
step of committing third reconstructed image data to storage at a reference image memory, which reconstructed image 
data is included in the third reconstructed image data provided by the third step and is needed for generating the 
reference image data; and a fifth step of generating the reference image data corresponding to the first reconstructed 
image data by using the third reconstructed image data stored in the reference image memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] 

Fig. 1 is a block diagram showing a construction of a prior-art MPEG decoder: 

Fig. 2 is a schematic diagram for illustrating a DCT operation and an inverse DCT operation performed by the prior- 
art MPEG decoder; 

Fig. 3 is a schematic diagram for illustrating an prior-art motion compensation operation; 

Fig. 4 is a schematic diagram showing a result of the conventional motion compensation operation applied to a 
motion picture decoding process for reproducing an image compressed relative to an original picture in either one 
or both of the horizontal and vertical directions; 

Fig. 5 is a block diagram showing a construction of an MPEG decoder according to a first embodiment of the 
invention; 

Fig. 6 is a schematic diagram showing DCT coefficients from which those for high horizontal spatial frequencies 
have been removed by a high-horizontal-frequency coefficient removing circuit and data inversely transformed by 
an inverse DCT circuit; 

Fig.7 is a schematic diagram for illustrating a motion compensation operation performed by motion compensation 
circuits 10, 11; 

Fig.B is a block diagram showing a construction of an MPEG decoder according to a second embodiment of the 
invention; 

Fig.9 is a schematic diagram showing the DCT coefficients from which those for high horizontal spatial frequencies 
have been removed by the high-horizontal-lrequency coefficient removing circuit and data inversely transformed 
by the inverse DCT circuit; 

Fig. 10 is a schematic diagram for illustrating a line deletion process performed by a vertical deletion circuit; 
Fig. 11 is a block diagram showing a construction of an MPEG decoder according to a third embodiment of the 
invention; 

Fig. 1 2 is a schematic diagram showing the DCT coeff icjents from which those for high horizontal spatial frequencies 
have been removed by the high-horizontal-frequency coefficient removing circuit and data inversely transformed 
by the inverse DCT circuit; 

Fig. 1 3a to 1 3d are schematic diagrams for illustrating a block forming process for Hadamard Transform operation; 

Fig.14 is a schematic diagram showing an exemplary quantization/dequantization table; 

Fig. 15 is a schematic diagram showing another exemplary quantization/dequantization table; and 

Fig. 16 is a schematic diagram showing a still another exemplary quantization/dequantization table. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[1] First Embodiment 



5 [0059] Now, a first embodiment of the invention will hereinbelow be described with reference to Figs.5 to 7. Fig.5 
diagrammatically illustrates a construction of an MPEG decorder hereof. 

[0060] A variable length coded transform coefficient is sent to a variable length decoder 1 whereas a control signal 
inclusive of a macroblock type is sent to a CPU 20. A variable length coded motion vector is supplied to a variable 
length decoder 14 to be decoded. A motion vector provided by the variable length decoder 14 is represented in half 
*0 pels rather than in full pels. 

[0061] According to this embodiment hereof, an image data macroblock is horizontally compressed to 1/2 and sent 
to reference image memories 8, 9 which will be described hereinafter. Accordingly, a horizontal value of the motion 
vector provided by the variable length decoder 14 is reduced to 1/2 by a vector-value conversion circuit. 
[0062] The motion vector with its horizontal value reduced to 1/2 by the vector-value conversion circuit 1 5 is supplied 
to the first reference image memory 8 and the second reference image memory 9 as a control signal for controlling a 
slicing position in a reference image and also to a first motion compensation circuit 10 and a second motion compen- 
sation circuit 11 as a motion compensation signal. 

[0063] The variable length decoder 1 serves to decode the variable length coded transform coefficient. An inverse 
quantizer 2 inversely quantizes the transform coefficient (quantized DCT coefficient) supplied by the variable length 
decoder 1 thereby transforming the coefficient back to the DCT coefficient. A high-horizontal-frequency coefficient 
removing circuit (coefficient reducing circuit) 3 transforms a DCT coefficient sequence produced by the inverse quan- 
tizer 2 back to 8x8 DCT coefficients F (u,v) (u=0,1 ,...7, V=0,1 ,...7) corresponding to an 8(number of horizontal pixels) 
x8(number of vertical pixels) sub-block, as shown in Fig.6. Additionally, the circuit removes DCT coefficients for high 
horizontal frequencies from each sub-block thereby providing a DCT coefficient array F(u,v) (u=0,1,..3, v=0,1,...7) 
consisting of 4(horizontal frequency direction u)x8(vertical frequency direction v) DCT coefficients, as shown in Fig.6. 
[0064] An inverse DCT circuit 4 performs an 4x8 inverse DCT operation represented by the following equation (16) 
on the 4x8 DCT coefficients produced by the high-horizontal-frequency coefficient removing circuit 3, thereby gener- 
ating a data array f(i,j)(i=0,1 ... 3, j=0, 1,... 7) consisting of 4(number of horizontal pixels )x8(number of vertical pixels) data 
pieces, the data array horizontally compressed to 1/2 of the original data sub-block, as shown in Fiq 6 

30 

= r££C(»)^v)^(».v)xcoJ ffl ^ lcoJ ^ + 1 M ... (16) 

^ u-0 v-0 { 8 J [ 16 J 

35 wherein 

i,u = 0,1,2,3 
j,v= 0,1,2, 7 
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1 (u * 0, V * 0) 



[0065] The inverse DCT circuit further generates an 8x16 reconstructed image data macroblock or prediction error 
data macroblock, which is horizontally compressed to 1/2, by using four image data sub-blocks thus obtained, which 
sub-blocks constitute one macroblock. Accordingly, an amount of the data macroblock provided by the inverse DCT 
circuit 4 accounts for a half of an image data macroblock for the original picture. 

[0066] An adder 5 processes the 8x16 prediction error data macroblock, horizontally compressed to 1/2 and gener- 
ated by the inverse DCT circuit 4, by adding thereto reference image data (8x16 reference image data macroblock 
horizontally compressed to 1 /2) according to a macroblock type of the prediction error data macroblock, thus generating 
reconstructed image data. The reference image data is sent to the adder 5 via a switch 1 3. It is to be noted that when 
the inverse DCT circuit 4 outputs reconstructed image data for predictive intraframe coding, no reference image data 
is added. 

[0067] Where the 8x16 reconstructed image data macroblock horizontally compressed to half, which is provided by 
the inverse DCT circuit 4 or the adder 5, is reconstructed image data for "B" Picture, the reconstructed image data is 
sent to a switch 6. 

[0068] Where the reconstructed image data macroblock provided by the inverse DCT circuit 4 or the adder 5 is 
reconstructed image data for "P or a P° Picture, the reconstructed image data is committed to storage at the first reference 
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image memory 8 or the second reference image memory 9 via a switch 7. Thus, an amount of image data stored in 
the first reference image memory 8 or the second reference image memory 9 accounts for 1/2 of that stored in the 
prior-art memory. The switch 7 is controlled by the CPU 20. 

[0069] The first motion compensation circuit 10 and the second motion compensation circuit 11 each perform a 
motion compensation operation on the reference image read from the reference image memory 8 or 9 by using the 
motion vector supplied from the vector-value conversion circuit 1 5. Now, description will be made on the motion com- 
pensation operation performed by the first and second motion compensation circuits 10, 11. 

[0070] Respective values G1 to G11 of predicted pixels G1 to G11 are calculated by using the following equations 
(17) wherein A to D denote pixel values A to D of four neighboring pixels A to D included in the image read from the 
reference image memory 8 or 9. 

4 4 

G2 = -A + -B 
2 2 

1 3 
4 4 

G4 = -A + i-C 

2 2 

3 13 1 
G5=-A+-B+-C+-D 

8 8 8 8 

G6 = -A + -B + -C + -D ..(17) 

4 4 4 4 

13 13 
G7 = ~A + -£ + -C + -£> 
8 8 8 .8 

GS = -B + -D 
2 2 

G9 = -C + ^D 
4 4 

G10 = -C + -D 
2 2 

1 3 
Gil = -C + -D 
4 4 

[0071] This allows the motion compensation operation to be performed on the image horizontally compressed to 1/2 
with a horizontal accuracy of 1/4 pel and a vertical accuracy of 1/2 pel. Since a distance between horizontally adjoining 
pixels in the image horizontally compressed to 1/2 accounts for two pixels in real terms and hence, an actual horizontal 
accuracy of the motion compensation is 1/2 pel. As a result, the motion compensation operation has the actual accu- 
racies of 1/2 pel with respect to both the horizontal and vertical directions. 

[0072] An averaging section 12 averages the image data provided by the first motion compensation circuit 10 and 
the second motion compensation circuit 11 for generation of 8x16 reference image data macroblock used for the in- 
terpolative/predictive interframe coding. 

[0073] The switch 13 is controlled by the CPU 20 in the following manner. When the inverse DCT circuit 4 outputs 
reconstructed image data lor predictive intraframe coding, a common terminal of the switch 1 3 is switched to an earth 
terminal. 

[0074] When the inverse DCT circuit 4 outputs prediction error data for forward predictive interframe coding or for 
backward predictive interframe coding, the common terminal of the switch 1 3 is switched to select either a terminal for 
receiving reference image data from the first motion compensation circuit 1 0 or a terminal for receiving reference image 
data from the second motion compensation circuit 11 . 

[0075] When the inverse DCT circuit 4 outputs prediction error data for interpolative/predictive interframe coding, 
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the common terminal of the switch 1 3 is switched to select a terminal for receiving an output of the averaging section 1 2. 
[0076] The switch 6 is controlled by the CPU 20 in a manner to output the reconstructed image data for "B" Picture * 
sent from the adder 5, the reconstructed image data for "I" or D P B Picture stored in the first reference image memory 
8, and the reconstructed image data for T or "P B Picture stored in the second reference image memory 9 in an order 
corresponding to the original picture. The image data outputted from the switch 6 is converted by a format conversion 
circuit 1 6 into a format such as to correspond to a monitor device in the numbers of the horizontal and vertical scanning 
lines and thereafter, supplied to the monitor device. 

[0077] According to the description of the above embodiment, the image horizontally compressed to 1/2 relative to 
the original picture is produced as the reference image. However, the invention is also applicable to a case where an 
image horizontally compressed to m/8 (m=1,2,..7) relative to the original picture is produced as the reference image. 
[0078] In order to produce the reference image horizontally compressed to m/8 relative to the original picture, the 
vector-value conversion circuit 15 processes the motion vector supplied from the variable length decoder 14 such that 
the horizontal value of the motion vector is reduced to m/8 of its initial value. The motion compensation circuits 10, 11 
each perform the motion compensation operation with an accuracy of m/1 6 of a distance between horizontally adjoining 
pixels in the image horizontally compressed to m/8. This provides a horizontal accuracy of the motion compensation 
at 1/2 pel in real terms. 

[0079] Likewise, the invention is also applicable to a vertical image compression process in order to produce a ref- 
erence image vertically compressed to n/8 (n=1 ,2,. ..7) relative to the original picture. In addition, the invention is also 
applicable to the production of a reference image compressed from the original picture with respect to both the horizontal 
and vertical directions. 

[0080] With regard to the production of the image by compressed relative to the original picture with respect to either 
one or both of the horizontal and vertical directions, the following methods are usable: a method including the steps 
of removing a part of the DCT coefficients and performing the inverse DCT operation; and a method including the steps 
of replacing a part of the DCT coefficients with M 0 B , performing the inverse DCT operation, and performing a line deletion 
operation. 



[2] Second Embodiment 

[0081] Now referring to Figs. 8 to 10, description will be made on an embodiment wherein the invention is applied to 
the MPEG decoder. 

[0082] Fig. 8 diagrammatical ly illustrates a construction of an MPEG decoder. 

[0083] The variable length coded transform coefficient is sent to a variable length decoder 201 . The control signal 
inclusive of the macroblock type is sent to a CPU 220. The variable length coded motion vector is sent to a variable 
length decoder 210 to be decoded. The motion vector provided by the variable length decoder 210 is represented in 
half pels rather than in full pels. 

[0084] The motion vector provided by the variable length decoder 210 is sent to a vector-value conversion circuit 
211 which, in turn, processes the motion vector to reduce a horizontal value and a vertical value thereof to 1/2, respec- 
tively. The motion vector, the horizontal and vertical values of which are each reduced to 1/2 by the vector-value con- 
version circuit 211 , is supplied to a first reference image memory 207 and a second reference image memory 208 as 
the control signal for controlling a slicing position of the reference image. 

[0085] The variable length decoder 201 serves to decode the variable length coded transform coefficient. An inverse 
quantizer 202 inversely quantizes the transform coefficient (quantized DCT coefficient) supplied by the variable length 
decoder 201 thereby transforming the coefficient back to the DCT coefficient. A high-horizontal-frequency coefficient 
removing circuit (coefficient reducing circuit) 203 transforms the DCT coefficient sequence produced by the inverse 
quantizer 202 back to 8x8 DCT coefficients F(u,v)(u-0,1 ,...7, v=0,1 ,...7) corresponding to the 8 (number of horizontal 
pixels)x8(number of vertical pixels) sub-block, as shown in Fig.9. Additionally, the circuit removes DCT coefficients for 
high horizontal frequencies from each sub-block thereby providing the DCT coefficient array F(u,v) (u=0,1 ,..3, v=0,1 .... 
7) consisting of 4(horizontal frequency direction u)x8(vertical frequency direction v) DCT coefficients, as shown in Fig.9. 
[0086] An inverse DCT circuit 204 performs a 4x8 inverse DCT operation represented by the following equation (18) 
on the 4x8 DCT coefficients thus produced by the high-horizontal-frequency coefficient removing circuit 203, thereby 
generating a data array f(i,j)(i=0,t ,..3,v=0,1 ,...7) consisting of 4 (number of horizontal pixels)x8(number of vertical pix- 
els) data pieces, the data array horizontally compressed to 1/2 from the initial data sub-block, as shown in Fig.9. 
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i,u=0, 1,2,3 
y,v=0,1,2, - 7 

(1,^2 (u = 0.rv = O) 

\ I (u * 0, v * 0) 

[0087] The inverse DCT circuit further generates the 8x16 reconstructed image data macroblock or prediction error 
10 data macroblock, which is horizontally compressed to 1/2, by using four image data sub-blocks thus obtained, which 
sub-blocks constitute one macroblock. Accordingly, an amount of the data macroblock provided by the inverse DCT 
circuit 204 accounts for a half of the image data macroblock for the original picture. 

[0088] An adder 205 processes the 8x16 prediction error data macroblock, horizontally compressed to 1/2 by the 
inverse DCT circuit 204, by adding thereto reference image data (8x16 reference image data macroblock horizontally 
1$ compressed to 1/2) according to its macroblock type, thus generating reconstructed image data. The reference image 
data is sent to the adder 205 via a switch 213. It is to be noted that when the inverse DCT circuit 204 outputs recon- 
structed image data for predictive intraframe coding, no reference image data is added. 

[0089] The 8x16 reconstructed image data macroblock horizontally compressed to 1/2 : which is provided by the 
inverse DCT circuit 204 or the adder 205, is sent to a vertical deletion circuit 221 . In the 8x16 reconstructed image 

20 ckila macroblock provided by the inverse DCT circuit 204 or the adder 205, horizontal lines (represented by solid lines) 
of an odd field and horizontal lines (represented by broken lines) of an even field alternately appear along the vertical 
direction as shown in the left-hand part of Fig. 10. Therefore, the line deletion operation is performed on a basis of two 
successive horizontal lines in order to ensure that the data include the horizontal lines of the odd field and of the even 
held in an iiltcnating fashion, as shown in the right-hand part of Fig. 10. 

2S [0090] This converts the 8x16 reconstructed image data macroblock horizontally compressed to 1/2 into the 8x8 
reconstructed imago data macroblock compressed to 1/2 with respect to both the horizontal and vertical directions. 
Henco the image data macroblock provided by the vertical deletion circuit 221 has a data amount reduced to 1/4 of 
that ol the image data macroblock for the original picture. 

[0091] Where the vertical deletion circuit 221 provides a reconstructed image data macroblock for "B" Picture, the 

30 reconstructed image data is sent to a switch 214. 

[0092] Where the vertical deletion circuit 221 provides a reconstructed image data macroblock for "I" or M P M Picture, 
the reconstructed image data is committed to storage at the first reference image memory 207 or the second reference 
image memory 208 via a switch 212. The amount of image data stored in the first reference image memory 207 or the 
second reference image memory 208 accounts for 1 /4 of that stored in the prior-art memory. The switch 21 2 is controlled 

35 by the CPU 220. 

[0093] A first vertical interpolation circuit 222 performs a vertical interpolation operation on the 8x8 reference image 
data macroblock read from the first reference image memory 207 or interpolates the horizontal lines deleted by the 
vertical deletion circuit 221, thereby generating a 8x16 reference image data macroblock. 

[0094] A second vertical interpolation circuit 223 performs the vertical interpolation operation on the 8x8 reference 
40 image data macroblock read from the second reference image memory 208 or interpolates the horizontal lines deleted 
by the vertical deletion circuit 221 , thereby generating a 8x16 reference image data macroblock. 
[0095] An averaging section 209 averages the image data read from the first vertical interpolation circuit 222 and 
the second vertical interpolation circuit 223 for generation of 8x1 6 reference image data macroblock for interpolate/ 
predictive interframe coding: 

45 [0096] The switch 213 is controlled by the CPU 220 in the following manner. When the inverse DCT circuit 204 
outputs reconstructed image data for predictive intraframe coding, a common terminal of the switch 213 is switched 
to an earth terminal. 

[0097] When an output from the inverse DCT circuit 204 is prediction error data for forward predictive interframe 
coding or for backward predictive interframe coding, the common terminal of the switch 213 is switched to select either 
so a terminal for receiving the reference image data from the first vertical interpolation circuit 222 or a terminal for receiving 
the reference image data from the second vertical interpolation circuit 223. 

[0098] In the reading of the reference image from the reference image memory 207 or 208, a slicing position of the 
reference image is controlled based on the motion vector supplied from the vector-value conversion circuit 211. The 
reason why the horizontal and vertical values of the motion vector are respectively reduced to 1/2 by the vector-value 
55 conversion circuit 211 is because the image data macroblock supplied from the vertical deletion circuit 221 to the 
reference image memories 207, 208 is compressed to 1/2 with respect to both the horizontal and vertical directions. 
[0099] When an output from the inverse DCT circuit 204 is prediction error data for interpolative/predictive interframe 
coding, the common terminal of the switch 21 3 is switched to select a terminal for receiving the output of the averaging 
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section 209. 

[0100] The switch 214 is controlled by the CPU 220 in a manner to output the reconstructed image data tor n B° 
Picture sent from the vertical deletion circuit 221 to the switch 214, the reconstructed image data for V or °P n Picture 
stored in the first reference image memory 207, and the reconstructed image data for T or B P D Picture stored in the 
second reference image memory 208 in an order corresponding to the original picture. The image data outputted from 
the switch 21 4 is converted by a format conversion circuit 21 5 into a format such as to correspond to the monitor device 
in the numbers of the horizontal and vertical scanning lines and thereafter, supplied to the monitor device. 
[0101] Similar compensation circuits to the motion compensation circuits 10, 11 (see Fig.5) of the aforementioned 
first embodiment may be provided downstream of the first vertical interpolation circuit 222 and of the second vertical 
interpolation circuit 223, respectively. 

[0102] The above embodiment permits the use of the first and second reference image memories 207, 208 each 
having a capacity of 1/4 of that of the memory employed by the prior art. 

[0103] There may be contemplated a process for generating data horizontally and vertically compressed to 1/2, 
respectively, wherein, not only coefficients for high horizontal frequencies but also for high vertical frequencies are 
removed from the 8x8 transform coefficient sub-block provided by the inverse quantizer 202. That is, a 4x4 inverse 
transform operation is performed by using only 4x4 transform coefficients for low horizontal frequencies and low vertical 
frequencies thereby generating the data compressed to 1/2 with respect to both the horizontal and vertical directions. 
Similarly to the aforementioned embodiment hereof, this reduces the memory requirements for the first reference mem- 
ory 207 and the second reference memory 208 to 1/4 of those for the prior-art memory. 

[0104] However, in a case where the inverse transform operation is performed on the 4x4 block left after the removal 
of the coefficients for the high horizontal frequencies and for the low vertical frequencies, image degradation occurs 
because of confusion between the space axis and the time axis if the image to be decoded is an interlaced image. For 
the purpose of preventing such image degradation, the above embodiment is arranged such that the inverse transform 
operation is performed on the 4x8 block left after the removal of only the coefficients for high horizontal frequencies 
(or maintaining the coefficients for high vertical frequencies) and is followed by the vertical deletion operation. 

[3] Third Embodiment. 

[0105] Now referring to Figs. 11 to 16, description will be made on an embodiment wherein the invention is applied 
to the MPEG decoder and more particularly, on a decoding process for Y signal. 
[0106] Fig. 11 diagrammatically illustrates a construction of an MPEG decoder. 

[0107] The variable length coded transform coefficient is sent to a variable length decoder 301 whereas the control 
signal inclusive of the macroblock type is sent to a CPU 320. The variable length coded motion vector is sent to a 
variable length decoder 310 to be decoded. The motion vector provided by the variable length decoder 310 is repre- 
sented in half pels rather than in full pels. 

[0108] The motion vector provided by the variable length decoder 310 is sent to a vector-value conversion circuit 
311 which, in turn, processes the motion vector to reduce a horizontal value thereof to 1/2. The motbn vector, the 
horizontal value of which is reduced to 1/2 by the vector-value conversion circuit 31 1 , is sent to a first reference image 
memory 307 and a second reference image memory 308 as the control signal for controlling a slicing position of the 
reference image. 

[0109] The variable length decoder 301 serves to decode the variable length coded transform coefficient. An inverse 
quantizer 302 inversely quantizes the transform coefficient (quantized DCT coefficient) supplied by the variable length 
decoder 301 thereby transforming the coefficient back to the DCT coefficient. A high-horizontal-frequency coefficient 
removing circuit (coefficient reducing circuit) 303 transforms the DCT coefficient sequence produced by the inverse 
quantizer 302 back to 8x8 DCT coefficients F(u,v)(u=0,1 ,...7, v=0,1 ,...7) corresponding to the 8 (number of horizontal 
pixels)x8(number of vertical pixels) sub-block, as shown in Fig. 12. Additionally, the circuit removes DCT coefficients 
for high horizontal frequencies from each sub-block thereby providing the DCT coefficient array F(u,v) (u-0,1, .3, 
v=0, 1 ... .7) consisting of 4(horizontal frequency direction u)x8(vertical frequency direction v) DCT coefficients, as shown 
in Fig. 12. 

[0110] An inverse DCT circuit 304 performs a 4x8 inverse DCT operation represented by the following equation (19) 
on the 4x8 DCT coefficient array thus produced by the high-horizontal-frequency coefficient removing circuit 303, there- 
by generating a data array f(i,j) (t=0 : 1 ,..3,v=0,1 ,...7) consisting of 4 (number of horizontal pixels)x8(number of vertical 
pixels) data pieces, which data array is horizontally compressed to 1/2 of the initial data sub-block, as shown in Fig.1 2. 
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i,u= 0,1,2,3 
/v=0,1,2, •» 7 
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[0111] The inverse DCT circuit further generates the 8x16 reference image data macroblock or prediction error data 
macroblock, which is horizontally compressed to 1/2, by using four image data sub-blocks thus obtained, the four sub- 
blocks constituting one macroblock. Accordingly, the data macroblock provided by the inverse DCT circuit 304 has a 
data amount reduced to 1/2 of the image data macroblock for the original picture. 

[0112] An adder 305 processes the 8x16 prediction error data macroblock, horizontally compressed to 1/2 by the 
inverse DCT circuit 304, by adding thereto reference image data (8x16 reference image data macroblock horizontally 
compressed to 1/2) according to the macroblock type thereof, thus generating reconstructed image data. The reference 
image data is sent to the adder 305 via a switch 313. It is to be noted here that when the inverse DCT circuit 304 
outputs reference image data for predictive intraframe coding, no reference image data is added. 
[01 1 3] An 8x1 6 first reconstructed image data macroblock, which is horizontally compressed to 1/2 and provided by 
the inverse DCT circuit 304 or the adder 305, is sent to an Hadamard transformation coding circuit 321. 
[0114] The Hadamard transformation coding circuit 321 performs 4-D Hadamard transformation and quantization. 
The Hadamard transformation coding circuit 321 divides the 8x16 reconstructed image data macroblock into blocks. 
[0115] Where the input image signal represents an interlaced image, the first reconstructed image data is divided 
into 2x2 blocks, each consisting of four pixels. In the block, each pair of pixels horizontally adjoin to each other in each 
of the two successive odd-numbered lines or of the two successive even-numbered lines, as shown in Fig. 1 3a. 
[0116] Where the input image data represents a progressively scanned image, the first reconstructed image data is 
divided into 2x2 blocks, each consisting of four pixels. In the block, each pair of pixels horizontally adjoin to each other 
in each of the vertically adjoining two lines, as shown in Fig. 1 3b. The block forming operations are responsive to the 
control signal from the CPU 320 so as to be switched according to the type of the input image signal. 
[0117] Alternatively, the first reconstructed image may be divided into 4x1 blocks, each block including vertically 
adjoining four pixels, as shown in Fig.13d, when the progressively scanned image is inputted. When, on the other 
hand, the interlaced image is inputted, the first reconstructed image may be divided into the 2x2 blocks shown in Fig. 
13a. Otherwise, when the interlaced image is inputted, the first reconstructed image may be divided into 4x1 blocks, 
each block consisting of four pixels vertically corresponding to each other and respectively included in four successive 
odd-numbered lines or in four successive even-numbered lines, as shown in Fig. 1 3c. 

[0118] An Hadamard transform operation is performed on a block-by-block basis by using the following equation (20) 
wherein "a" to u d n each denote a pixel value (8 bits) of each pixel of the block, as shown in Fig. 13a or 13b: 



4 

K\ = -(a-b + c-d) 
4 

AT2 = i(a+Z>-c-J) —(20) 
4 

4 

[0119] Although the Hadamard transform operation actually uses a coefficient of 1/ (4x2 1/2 ) , the coefficient is as- 
sumed to be 1/4 herein to facilitate the explanation on the transform operation. 

[0120] Subsequently, the quantization operation is performed. For accomplishing 1/2 data compression with respect 
to a direction of bitstream, 16 bits are assigned to a total pixel value of the four pixels included in one block. 
[0121] There may be contemplated three types of methods 1 to 3 for assigning a number of bits to respective coef- 
ficients K0, K1 , K2 and K3, as shown in the following table 1 . This embodiment adopts the method 1 . 



17 



EP 0 926 899 A2 



TABLE 1 





KO 


K1 


K2 


K3 


(1) 


8 bits 


4 bits 


4 bits 


0 bit 


(2) 


8 bits 


Obit 


4 bits 


4 bits 


(3) 


8 bits 


3 bits 


3 bits 


2 bits 



10 [0122] Specifically, 8 bits are assigned to the coefficient KO. On the other hand, 4 bits are assigned to K1 and K2, 
respectively while 0 bit is assigned to K3. Therefore, a value given by the above equation (20) is directly applied to KO. 
K3 is ignored regardless of the result of the above equation (20). 

[0123] As to the coefficients K1 and K2, 8 bit values (-128 to +127) given thereto by the above equation (20) are 
converted into 4 bit values (-8 to +7), respectively, based on a quantization/dequantization table shown in Fig.14. In 
75 columns of Hadamard Coefficient K and Dequantized Value (representative value) K° of the table shown in Fig.14, 
parenthesized numerals denote values for color difference signal C (Cb, Cr signals) and unparenthesized numerals 
denote values for luminance signal Y. 

[0124] In the case of the method 3 shown in Table 1 , the values of the 8-bit coefficients K1 and K2 are respectively 
converted into 3-bit values (quantized value) based on a quantization/dequantization table shown in Fig.15. On the 
20 other hand, the value of the 8-bit coefficient K3 is converted into a 2-bit value (quantized value) based on a quantization/ 
dequantization table, for example, shown in Fig.16. In columns of Coefficient K and Dequantized Value K n of the tables 
shown in Figs. 15 and 16, parenthesized numerals denote values for the color difference signal C (Cb, Cr signals) 
whereas unparenthesized numerals denote values for the luminance signal Y 

[0125] It is herein provided that the quantized values of KO, K1 and K2 are represented by K0\ K1 ' and K2\ respec- 
ts tively. The combination of the aforesaid 4-D Hadamard transform operation and quantization operation provides 8x16 
macroblocks of second reconstructed image data. An amount of the second reconstructed image data accounts for 
1/2 of that of the first reconstructed image data. Therefore, an amount of the second reconstructed image data mac- 
roblock accounts for 1/4 of that of the image data macroblock for the original picture. 

[0126] Where the second reconstructed image data macroblock provided by the Hadamard transformation coding 
30 circuit 321 is reconstructed image data for "B" Picture, the reconstructed image data is sent to a switch 314. 

[0127] Where the second reconstructed image data macroblock provided by the Hadamard transformation coding 
circuit 321 is reconstructed image data for T or T" Picture, the reconstructed image data is committed to storage at 
a first reference image memory 307 or a second reference image memory 308 via a switch 312. An amount of the 
image data stored in the first reference image memory 307 or the second reference image memory 308 accounts for 
35 1/4 of that stored in the prior-art memory. The switch 312 is controlled by the CPU 320. 

[0128] A first Hadamard transformation decoding circuit 322 performs an inverse quantization operation and inverse 
Hadamard transform operation on the 8x16 macroblock of second reconstructed image data read from the first refer- 
ence image memory 307, thereby generating reference image data corresponding to the first reconstructed image. 
[0129] First, the quantized values K0', KV and K2' composing the second reconstructed image data read from the 
40 first reference image memory 307 are respectively converted into dequantized values K0°, K1" and K2". Specifically 
the inversely quantized value K0" for K0" is equal to K0'. 

[0130] The inversely quantized values K1 " and K2 B for K1' and K2' are respectively determined based on the quan- 
tization/dequantization table shown in Fig. 1 4. Where the second reconstructed image data read from the first reference 
image memory 307 is reconstructed image data for the luminance signal (Y signal), values corresponding to K1* and 

45 K2' are respectively chosen, as the inversely quantized values K1 " and K2 n , from the inversely quantized values for Y 
signal shown in the quantization/dequantization table of Fig.14. Where the reconstructed image data read from the 
first reference image memory 307 is reconstructed image data for the color difference signal C (Cb, Cr signals) , values 
corresponding to K1 ' and K2' are respectively chosen , as the inversely quantized values K1 ° and K2 n , from the inversely 
quantized values for the C signal shown in the quantization/dequantization table of Fig.14. 

50 [0131] The inverse Hadamard transform operation is performed by applying the inversely quantized values K0 n , K1 " 
and K2" thus obtained to the following equation (21), wherein K3" is regarded as 0: 
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a' = (K0"+Kr+K2"+KT) 
b'= (K0"-Kl"+K2"-K3") 
5 ' c* = (K0"+KV-K2"~KT) ... (21) 

rf'= (/s:o"- J fi:r-i:2 ,, +A'3 M ) 

[01 32] Thus, the 8x16 macroblock of second reconstructed image data read from the first reference image memory 
10 307 is converted into the reference image data macroblock corresponding to the first reconstructed image data mac- 
roblock. 

[01 33] A second Hadamard transformation decoding circuit 323 performs similar operations to the aforesaid inverse 
quantization operation and Hadamard transform operation on the 8x16 macroblock of reconstructed image data read 
from the second reference image memory 308, thereby generating a reference image data macroblock in correspond- 
15 ence to the first reconstructed image data macroblock. 

[0134] An averaging section 309 averages the image data read from the first Hadamard transformation decoding 
circuit 322 and the second Hadamard transformation decoding circuit 323, thereby generating an 8x1 6 reference image 
data macroblock for interpolative/predictive interframe coding. 

[0135] The switch 313 is controlled by the CPU 320 in the following manner. When the inverse DCT circuit 304 
20 outputs the reconstructed image data for predictive intraf rame coding, a common terminal of the switch 31 3 is switched 
to an earth terminal. 

[0136] When the inverse DCT circuit 304 outputs the prediction error data for forward predictive interframe coding 
or for backward predictive interframe coding, the common terminal of the switch 313 is switched to select either a 
terminal for receiving the reference image data from the first Hadamard transformation decoding circuit 322 or a terminal 

25 for receiving the reference image data from the second Hadamard transformation decoding circuit 323. 

[0137] In the reading of the reference image from the reference image memory 307 or 308, a slicing position of the 
reference image is controlled based on the motion vector supplied from the vector-value conversion circuit 311. A 
reason why the vector-value conversion circuit 311 reduces the horizontal value of the motion vector to 1/2 is because 
the image data macroblock supplied from the Hadamard transformation coding circuit 321 to the reference image 

30 memories 307, 308 is horizontally compressed to 1/2. 

[01 38] When the inverse DCT circuit 304 outputs the prediction error data for interpolative/predictive interframe cod- 
ing, the common terminal of the switch 31 3 is switched to select a terminal for receiving the output from the averaging 
section 309. 

[0139] The switch 31 4 is controlled by the CPU 320 in a manner to output the second reconstructed image data for 
35 H B° Picture sent Irom the Hadamard transformation coding circuit 321 to the switch 314, the second reconstructed 
image data for "I" or "P" Picture stored in the first reference image memory 307, and the second reconstructed image 
data for T or "P" Picture stored in the second reference image memory 308 in an order corresponding to the original 
picture. 

[0140] The second reconstructed image data outputted from the switch 314 is processed by a third Hadamard trans- 
40 formation decoding circuit 31 5 with similar operations to the aforesaid inverse quantization operation and inverse Had- 
amard transform operation and thus is converted into image data corresponding to the first reconstructed image data. 
Subsequently, the converted image data is sent to a format conversion circuit 316. 

[0141] The format conversion circuit 316, in turn, converts the image data supplied from the third Hadamard trans- 
formation decoding circuit 31 5 into such a format as to correspond to the monitor device in the numbers of the horizontal 
45 and vertical scanning lines. Subsequently the image data in the converted format is supplied to the monitor device. 
[0142] Similar motion compensation circuits to the motion compensation circuits 10, 11 of the aforementioned first 
embodiment may be provided downstream of the first Hadamard transformation decoding circuit 322 and the second 
Hadamard transformation decoding circuit 323, respectively. 

[0143] The above embodiment permits the use of the first and second reference image memories 307, 308 each 

so having a capacity of 1/4 of that of the memory conventionally employed. 

[0144] There may be contemplated a process in which the coefficients not only for high horizontal frequencies but 
also for high vertical frequencies are removed from each 8x8 transform coefficient sub-block provided by the inverse 
quantizer 302 and the 4x4 inverse transform operation is performed by using only the resultant 4x4 transform coeffi- 
cients for low horizontal and vertical frequencies thereby generating data compressed to 1/2 with respect to both the 

55 horizontal and vertical directions, respectively. Similarly to the aforementioned embodiments hereof, this reduces the 
memory requirements for the first reference memory 307 and the second reference memory 308 to 1/4 of those for 
the memories conventionally employed. 

[0145] However, in a case where the 4x4 block based inverse transform operation is performed subsequent to the 
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removal of the coefficients for high horizontal frequencies and high vertical frequencies, image degradation occurs 
because of confusion between the space axis and the time axis of the image data when the interlaced image is decoded. 
For the purpose of preventing such image degradation, the above embodiment is arranged such that only the coeffi- 
cients for high horizontal frequencies are removed to leave the coefficients for high vertical frequencies preparatory to 
the 4x8 block based inverse transform operation which is followed by the Hadamard transformation-based coding 
operation. 

[0146] According to the above embodiment, the inverse DCT operation, preceded by the partial removal of the DCT 
coefficients, is performed to provide the image, which is used for producing the first reconstructed image. Alternatively, 
the normal inverse DCT operation (8x8 I DCT), preceded by no partial removal of the DCT coefficients, may be per- 
formed to provide the image, which is used for producing the first reconstructed image and then, the resultant first 
reconstructed image is subject to the Hadamard transformation-based coding operation. 

[0147] Otherwise, the normal inverse DCT operation (8x8 I DCT), preceded by no partial removal of the DCT coeffi- 
cients, may be performed to provide the image which is used for producing the first reconstructed image and subse- 
quently, the resultant first reconstructed image may be subject to at least one of the horizontal and the vertical deletion 
operations which is followed by the Hadamard transformation -based coding operation. 

[0148] According to the above embodiment, the inverse DCT operation, preceded by the partial removal of the DCT 
coefficients, is performed to provide the image which is used for producing the first reconstructed image. Alternatively, 
subsequent to replacing a part of the DCT coefficients with "0", the inverse DCT operation (8x8 1 DCT) may be performed 
to provide the image which is used for producing the first reconstructed image and subsequently, the resultant first 
reconstructed image may be subject to the Hadamard transformation-based coding operation. 

[0149] Otherwise, subsequent to replacing a part of the DCT coefficients with "0°, the inverse DCT operation (8x8 
I DCT) may be performed to provide the image which is used for producing the first reconstructed image and subse- 
quently, the resultant first reconstructed image may be subject to at least one of the horizontal and the vertical deletion 
operations which is followed by the Hadamard transformation-based coding operation. 



Claims 

1. A motion picture decoding apparatus comprising: 

30 

a coefficient reducing circuit for removing orthogonal transform coefficients for high horizontal frequencies 
from a certain sized block of orthogonal transform coefficients obtained from an input signal, thereby reducing 
the number of transform coefficients to half; 

an inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using 
35 the transform coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block 

basis, reconstructed image data or time-axis prediction error data horizontally compressed to t/2; 
an adder for generating reconstructed image data horizontally compressed to 1/2, based on the time-axis 
prediction error data provided by the inverse orthogonal transformation circuit and on predetermined reference 
image data; and 

40 one or more than one reference image memories for storing reconstructed image data which is included in 

the reconstructed image data provided by the inverse orthogonal transformation circuit or the adder and is 
needed for generating the reference image data. 

2. A motion picture decoding apparatus as set forth in Claim 1 wherein said certain sized block is based on an MXN 
45 block unit including an M number of horizontal pixels and an N number of vertical pixels, and wherein the inverse 

orthogonal transformation circuit performs the inverse orthogonal transform operation based on the following equa- 
, tion (b) provided that an original picture has been encoded by an orthogonal transform operation based on the 
following equation (a): 

so 

ey v 2 ^'K. r f(2i + l)wrl f(2./ + l)v/rl 

55 wherein 

/,u = 0,1,2 : — (A/M) 
/v=0,1,2, — (A/-1) 
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CO.). C<v) -f 1 ^ <-O«rv-0> 

* 1 («*0.v*0) 



wherein 

/,w = 0,1,2 I »• 0W2-1) 
y> = 0,1,2, - (AM) 



[ 1 (u*0,v*0) 

A motion picture decoding apparatus as set forth in Claim 1 wherein said certain sized block is based on an 8x8 
block unit including 8 horizontal pixels and 8 vertical pixels, and wherein the inverse orthogonal transformation 
circuit performs the inverse orthogonal transform operation based on the following equation (d) provided that an 
original picture has been encoded by an orthogonal transform operation based on the following equation (c) : 

F(w, v) = - • C(u)C(v)2^ J) X cosj — jcos j — j - ■ • (c) 



wherein 

iu = 0,1,2, — 7 

V f v = 0,1,2, -» 7 



CM.CmJ"' 5 (« = 0orv = 0) 

1 (M^0,V^0) 



/<'••» = f t E CX«)C(v)f («.v) X cos{l?i^}cos{^>^} - w 



/,u = 0, 1, 2, 3 
y>= 0,1,2, - 7 

(u = 0<?r v = 0) 

C(u).C(v) = < 

[1 (M * 0, v * 0) 

A motion picture decoding apparatus as set forth in Claim 1 further comprising a motion compensation circuit for 
performing a motion compensation operation on image data of a certain size with a horizontal accuracy of 1/4 pel 
and a vertical accuracy of 1/2 pel, the image data read from the reference image memory for generation of the 
reference image data and horizontally compressed to 1/2 relative to an original picture. 

A motion picture decoding apparatus comprising: 

a coefficient reducing circuit for removing orthogonal transform coefficients for high horizontal frequencies 
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from a certain sized block of orthogonal transform coefficients obtained from an input signal, thereby reducing 
the number of transform coefficients to half; 

an inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using 
the transform coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block 
basis, reconstructed image data or time-axis prediction error data horizontally compressed to 1/2; 
an adder for generating reconstructed image data horizontally compressed to 1/2, based on the time-axis 
prediction error data provided by the inverse orthogonal transformation circuit and on predetermined reference 
image data; 

a vertical deletion circuit for deleting a half of the horizontal lines of the reconstructed image data supplied 
from the inverse orthogonal transformation circuit or the adder, thereby generating reconstructed image data 
compressed to 1/2 with respect to the horizontal and vertical directions, respectively; and 
one or more than one reference image memories for storing reconstructed image data which is included in 
the reconstructed image data provided by the vertical deletion circuit and is needed for generating the reference 
image data, 

the motion picture decoding apparatus wherein the reconstructed image data stored in the reference image 
memory is used for generating the reference image data compressed to 1/2 only with respect to the horizontal 
direction. 

A motion picture decoding apparatus as set forth in Claim 5 wherein said certain sized block is based on an MXN 
block unit including an M number of horizontal pixels and an N number of vertical pixels, and wherein the inverse 
orthogonal transformation circuit performs the inverse orthogonal transform operation based on the following equa- 
tion (f) provided that an original picture has been encoded by an orthogonal transform operation based on the 
following equation (e): 



F( "- v) = ■ C(w)C(v) S S /0 ' 7) x co i-T^r s {— itr-\ ■ ■ - w 



wherein 

/,u = 0,1,2 : - (A/M) 
y,v = 0,1,2, ■» (AM) 



C(m),C(v)H < 

1 (« * 0, v * 



v = 0) 
0) 



x 2 v-v^, \rr Mr/ a f(2i + l)iia-l f(2y + l)vjrl ... 

f0 - j)= 7mw SS c(M)C(v)F(M ' v)xc i^^f co n-^^} - </) 

wherein 

/;u = 0,1 f 2 l — (W2-1) 
;,v = 0,1,2, - (AM) 

I 1 (u*0,v*0) 

A motion picture decoding apparatus as set forth in Claim 5 wherein said certain sized block is based on an 8x8 
block unit including 8 horizontal pixels and 8 vertical pixels, and wherein the inverse orthogonal transformation 
circuit performs the inverse orthogonal transform operation based on the following equation (h) provided that an 
original picture has been encoded by an orthogonal transform operation based on the following equation (g): 
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wherein 

/;u = 0,1,2 : .» 7 

7>=0 I 1,2, - 7 



70 



75 



C( U ).C(V) = |"^ (» = 0orv = 0) 

1 (M * 0, V * 0) 



wherein 
/,u = 0,1,2 : 3 
20 y> = 0,1 ) 2 l »• 7 
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1 1 (K*0,V,(0) 



8. A motion picture decoding apparatus as set forth in Claim 5 wherein said vertical deletion circuit performs a vertical 
deletion processing by vertically deleting, at regular intervals, two successive horizontal lines in every four suc- 
cessive horizontal lines of the reconstructed image data provided by the inverse orthogonal transformation circuit 

30 or the adder. 

9. A motion picture decoding apparatus comprising: 

a coefficient reducing circuit for removing orthogonal transform coefficients for high horizontal frequencies 
35 from a certain sized block of orthogonal transform coefficients obtained from an input signal, thereby reducing 

the number of transform coefficients to half; 

an inverse orthogonal transformation circuit for performing an inverse orthogonal transform operation by using 
the transform coefficients reduced by the coefficient reducing circuit, thereby obtaining, on a block-by-block 
basis, first reconstructed image data or time-axis prediction error data horizontally compressed to 1/2; 
40 an adder for generating first reconstructed image data horizontally compressed to 1/2, based on the time-axis 

prediction error data provided by the inverse orthogonal transformation circuit and on predetermined reference 
image data; 

an Hadamard transformation coding circuit for quantizing, based on Hadamard transformation, the first recon- 
structed image data provided by the inverse orthogonal transformation circuit or the adder, thereby generating 
45 second reconstructed image data, the amount of which data is reduced bitwise to 1/2 from that of the first 

reconstructed image data; and 

one or more than one reference image memories for storing second reconstructed image data which is included 
in the second reconstructed image data provided by the Hadamard transformation coding circuit and is needed 
for generating the reference image data, 
50 the motion picture decoding apparatus wherein the second reconstructed image data stored in the reference 

image memory is used for generating the reference image data corresponding to the first reconstructed image 
data. 

10. A motion picture decoding apparatus as set forth in Claim 9 wherein said certain sized block is based on an MXN 
55 block unit including an M number of horizontal pixels and an N number of vertical pixels, and wherein the inverse 

orthogonal transformation circuit performs the inverse orthogonal transform operation based on the following equa- 
tion (j) provided that an original picture has been encoded by an orthogonal transform operation based on the 
following equation (i) : 
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F(u, v) = — - C( «)C(v) V V /(i, 7) x cos{ — — — \ cosi — > •••(») 



wherein 

/,u = 0,1,2, - 

y,v = 0,1,2, «. (AM) 



C(H),C(V) = 




(u = 0 o/- v = 0) 
( M ^0,v?t0) 



wherein 

/,l/ = 0,1,2 : - (/W2-1) 
y> = 0,1,2, - (A/-1) 

C( W ),C(v) = J 1/ ^ (-Oorv-Q) 
[ 1 («*0,v*0) 

A motion picture decoding apparatus as set forth in Claim 9 wherein said certain sized block is based on an 8x8 
block unit including 8 horizontal pixels and 8 vertical pixels, and wherein the inverse orthogonal transformation 
circuit performs the inverse orthogonal transform operation based on the following equation (1) provided that an 
original picture has been encoded by an orthogonal transform operation based on the following equation (k) : 



F(»,v) - 1. C(u)C( V )±±f(iJ) xcosl^i^lcos ^ 2 ^^ } ... (Jfc) 



wherein 

/,u = 0,1,2 : ••• 7 

7> = 0,1,2 ) ... 7 



C( U ),C(v) = j 1/ ^ (« = 0orv = 0) 

[ 1 (« * 0, v * 0) 

4 w=0 v=0 L 8 J [ 16 J 

/;u =0,1,2:3 
7^ = 0,1,2, ... 7 
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C(«), C(v) = { 



1/V2 



(w = 0 or v » 0) 
(w * 0, v * 0) 



1 



12. A motion picture decoding apparatus as set forth in Claim 9 further comprising a motion compensation circuit for 
performing a motion compensation operation on image data of a certain size with a horizontal accuracy of 1/4 pel 
and a vertical accuracy of 1/2 pel, the image data read from the reference image memory for generation of the 
reference image data and horizontally compressed to 1/2 relative to an original picture. 

13. A motion picture decoding apparatus comprising: 

an inverse orthogonal transformation circuit lor performing an inverse orthogonal transform operation on a 
certain sized block of orthogonal transform coefficients obtained from an input signal, thereby providing first 
reconstructed image data or time-axis prediction error data; 

an adder for generating first reconstructed image data based on the time-axis prediction error data provided 
by the inverse orthogonal transformation circuit and predetermined reference image data; 
an Hadamard transformation coding circuit for quantizing, based on Hadamard transformation, the first recon- 
structed image data provided by the inverse orthogonal transformation circuit or the adder, thereby generating 
second reconstructed image data, the amount of which data is reduced bitwise from that of the first recon- 
structed image data; and 

one or more than one reference image memories for storing second reconstructed image data which is included 
in the second reconstructed image data provided by the Hadamard transformation coding circuit and is needed 
for generating the reference image data, 

the motion picture decoding apparatus wherein the second reconstructed image data stored in the reference 
image memory is used for generating the reference image data corresponding to the first reconstructed image 
data. 

14. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating reconstructed image data based on image data obtained through an inverse DCT 
operation using DCT coefficients, a part of which coefficients has been removed, or on a combination of said 
obtained image data and reference image data; 

a second step of committing reconstructed image data to storage at a reference image memory, which recon- 
structed image data is included in the reconstructed image data provided by the first step and is needed for 
generating the reference image data; and 

a third step of generating the reference image data based on the reconstructed image data stored in the 
reference image memory. 

15. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
operation using DCT coefficients, a part of which coefficients has been removed, or on a combination of said 
obtained image data and reference image data; 

a second step of generating second reconstructed image data by subjecting the first reconstructed image data 
to at least one of a horizontal deletion processing and a vertical deletion processing; 

a third step of committing second reconstructed image data to storage at a reference image memory, which 
reconstructed image data is included in the second reconstructed image data provided by the second step 
and is needed for generating the reference image data; and 

a fourth step of generating the reference image data corresponding to the first reconstructed image data by 
using the second reconstructed image data stored in the reference image memory. 

16. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 



a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 



25 



EP 0 926 899 A2 



operation or on a combination of said obtained image data and reference image data; 

a second step of performing an Hadamard transformation-based coding operation on the first reconstructed 
image data thereby generating second reconstructed image data, the amount of which data is reduced bitwise 
from that of the first reconstructed image data; 
5 a third step of committing second reconstructed image data to storage at a reference image memory, which 

reconstructed image data is included in the second reconstructed image data provided by the second step 
and is needed for generating the reference image data; and 

a fourth step of generating the reference image data corresponding to the first reconstructed image data by 
using the second reconstructed image data stored in the reference image memory. 

10 

17. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
15 operation using DCT coefficients, a part of which coefficients has been removed, or on a combination of said 

obtained image data and reference image data; 

a second step of performing an Hadamard transformation-based coding operation on the first reconstructed 
image data thereby generating second reconstructed image data, the amount of which data is reduced bitwise 
from that of the first reconstructed image data; 
20 a third step of committing second reconstructed image data to storage at a reference image memory, which 

reconstructed image data is included in the second reconstructed image data provided by the second step 
and is needed for generating the reference image data; and 

a fourth step of generating the reference image data corresponding to the first reconstructed image data by 
using the second reconstructed image data stored in the reference image memory. 

25 

18. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
30 operation using DCT coefficients, a part of which coefficients has been replaced with "0°, or on a combination 

of said obtained image data and reference image data; 

a second step of performing an Hadamard transformation-based coding operation on the first reconstructed 
image data thereby generating second reconstructed image data, the amount of which data is reduced bitwise 
from that of the first reconstructed image data; 
35 a third step of committing second reconstructed image data to storage at a reference image memory, which 

reconstructed image data is included in the second reconstructed image data provided by the second step 
and is needed for generating the reference image data; and 

a fourth step of generating the reference image data corresponding to the first reconstructed image data by 
using the second reconstructed image data stored in the reference image memory. 

40 

19. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
45 operation or on a combination of said obtained image data and reference image data; 

a second step of generating second reconstructed image data by subjecting the first reconstructed image data 
to at least one of a horizontal deletion processing and a vertical deletion processing; 

a third step of performing an Hadamard transformation-based coding operation on the second reconstructed 
image data thereby generating third reconstructed image data, the amount of which data is reduced bitwise 
50 from that of the second reconstructed image data; 

a fourth step of committing third reconstructed image data to storage at a reference image memory, which 
reconstructed image data is included in the third reconstructed image data provided by the third step and is 
needed for generating the reference image data; and 

a fifth step of generating the reference image data corresponding to the first reconstructed image data by using 
55 the third reconstructed image data stored in the reference image memory. 

20. A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 



26 



EP 0 926 899 A2 



a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
operation using DCT coefficients, a part of which coefficients has been removed, or on a combination of said 
obtained image data and reference image data; 

a second step of generating second reconstructed image data by subjecting the first reconstructed image data 
to at least one of a horizontal deletion processing and a vertical deletion processing; 

a third step of performing an Hadamard transformation-based coding operation on the second reconstructed 
image data thereby generating third reconstructed image data, the amount of which data is reduced bitwise 
from that of the second reconstructed image data; 

a fourth step of committing third reconstructed image data to storage at a reference image memory, which 
reconstructed image data is included in the third reconstructed image data provided by the third step and is 
needed for generating the reference image data; and 

a fifth step of generating the reference image data corresponding to the first reconstructed image data by using 
the third reconstructed image data stored in the reference image memory. 

A motion picture decoding process for decoding a signal compression coded based on the MPEG Standards, the 
process comprising the steps of: 

a first step of generating first reconstructed image data based on image data obtained through an inverse DCT 
operation using DCT coefficients, a part of which coefficients has been replaced with "0", or on a combination 
of said obtained image data and reference image data; 

a second step of generating second reconstructed image data by subjecting the first reconstructed image data 
to at least one of a horizontal deletion processing and a vertical deletion processing; 

a turd step of performing an Hadamard transformation-based coding operation on the second reconstructed 
image data thereby generating third reconstructed image data, the amount of which data is reduced bitwise 
from that of the second reconstructed image data; 

a fourth stop of committing third reconstructed image data to storage at a reference image memory, which 
reconstructed image data is included in the third reconstructed image data provided by the third step and is 
needed for generating the reference image data, and 

a filth step of generating the reference image data corresponding to the first reconstructed image data by using 
the third reconstructed image data stored in the reference image memory. 
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(54) An apparatus and process for decoding motion pictures 



(57) A motion picture decoding apparatus according 
to the invention includes: a coefficient reducing circuit 
for removing orthogonal transform coefficients for high 
horizontal frequencies from a certain sized block of or- 
thogonal transform coefficients obtained from an input 
signal, thereby reducing the number of transform coef- 
ficients to half; an inverse orthogonal transformation cir- 
cuit for performing an inverse orthogonal transform op- 
eration by using the transform coefficients reduced by 
the coefficient reducing circuit, thereby obtaining, on a 
block-by-block basis, reconstructed image data or time- 



axis prediction error data horizontally compressed to 
1/2; an adder for generating reconstructed image data 
horizontally compressed to 1/2, based on the time-axis 
prediction error data provided by the inverse orthogonal 
transformation circuit and on predetermined reference 
image data; and one or more than one reference image 
memories for storing reconstructed image data which is 
included in the reconstructed image data provided by 
the inverse orthogonal transformation circuit or the 
adder and is needed for generating the reference image 
data. 
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